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ABSTRACT 
 
While there are several different construction cost indices that are commercially available, 
these indices are typically derived from the costs of the factors of production.  They often 
lack detail regarding location, product type, or structure type. In this study, we determined 
that it is possible to develop location and product type specific construction cost indices for 
2 different product types, office and multi-family residential, in 6 different Metropolitan 
Statistical Areas using real project cost data.  The project data was supplied by FW Dodge 
and includes 61,000 records summarizing office and apartment projects from 1967 through 
the first half of 2004.  
 
Once we were able to develop the construction cost indices, we could then observe 
differences in construction costs between markets and product types.   Apartment real cost 
growth was slightly positive, while office real cost growth was typically slightly negative 
during the study period.  Additionally, we were also be able to determine whether the 
construction industry experiences cyclicality related to building activity, or whether it acts 
like a commodity, with fluctuations in cost due to shocks to the material and labor markets.  
While casual observation indicates otherwise, the results of this study indicate that there is 
little to no correlation between construction costs and the level of new building supply. 
 
 
 
 
 
 
 
 
 
Thesis Supervisor:   William Wheaton 
Title:   Professor of Economics 
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CHAPTER 1:   INTRODUCTION 
 
This paper explores whether statistically significant construction cost indices may be created 
for different Metropolitan Statistical Areas (MSAs) and property types using construction 
bid data.  While there are several commercial construction cost indices that are regularly 
published, these indices have been found to exhibit bias and have traditionally been 
unreliable when used as predictors of building construction and supply.  Using real 
construction bid data from FW Dodge, we hope to develop a more accurate construction cost 
index.  Once these construction cost indices are created, we can then examine whether 
construction costs are correlated to the cyclic movements of the real estate market. In this 
study, we will examine whether construction supply is elastic, or whether construction costs 
fluctuate based on the level of building activity. 
 
We first attempt to create meaningful construction cost indices using project bid data.  We 
then examine how these results compare to widely used estimating services such as RS 
Means and national building indices such as the McGraw Hill Engineering News Record 
Building Construction Index in both real and nominal terms.  These mechanisms have been 
the traditional barometers of construction costs, and comparison to them will provide 
meaningful insight into local and national cost trends. 
 
Developing the construction cost indices will also have significant relevance to other areas 
of research. The relationship between supply and rents and price has already been well 
established, and the positive correlation is clearly evident in the charts shown below, 
produced by Torto/Wheaton Research.  However, there has been little research conducted on 
the relationship between the construction industry and trends in the real estate market. Most 
would agree that construction cost is endogenous to the building supply function.  Yet 
because construction costs have been so difficult to estimate, the link between cost and 
supply has been inconclusive with the exception of recent research regarding single-family 
housing supply.   
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It is widely held that the construction industry is competitive and costs are driven by the 
costs of inputs, such as material and labor costs.    Once we ascertain whether statistically 
relevant construction cost indices may be created using FW Dodge bid data, we can then 
examine whether the construction industry behaves as a supply elastic commodity, or 
whether it exhibits cyclic behavior related to the level of building activity.  Classical real 
estate economics states that changes in real estate values redound to the land value 
component of property value, as construction supply is presumed to be elastic while land 
supply is fixed. This is known as the "residual theory of land value.”  Yet casual empirical 
evidence suggests that construction costs are higher when where real estate values are 
higher.  In this research we hope to ascertain whether construction supply is price elastic and 
changes based on the level of building activity. 
 
While there has been little research conducted developing and examining construction cost 
indices for commercial properties, there has been significant research done regarding single 
family residential supply cycles and construction costs.  Prior to Somerville (1999), all 
previous research uses cost series estimates derived from appraisal, building permit, FHA 
data, or fixed input prices.  These cost series yield categorically varying and inconclusive 
results, some even suggesting that changes in construction costs do not  
affect the number of residential starts. Somerville identifies how bias attributable to 
subcontractor “switching costs” and inaccurate labor costs in commercial construction cost 
indices produce flawed estimates of the construction cost function.   Performing hedonic 
regression on “true” construction cost data from a single builder for 2,200 single family 
homes, Somerville is able to reach the conclusion that construction cost are endogenous to 
housing starts.  Contrary to previous empirical research, Somerville finds that construction 
cost elasticity is quite high, similar to the price elasticity of housing starts, and higher 
construction costs do reduce residential construction.1 
 
                                                
1 C. Tsuriel Somerville. “Residential Construction Costs and the Supply of New Housing: Endogeneity and 
Bias in Construction Cost Indexes,” Journal of Real Estate Finance and Economics, Vol. 18:1 (1999), pp 43-
62. 
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Also relevant to this research is a study completed by Somerville in 1996, again using 
microdata, examining builder profitability.  Unlike in most previous studies where marginal 
cost pricing was assumed, markup over input costs was accounted for.  The research found 
that builder profit rates are most sensitive to price changes in the housing market.  Moreover, 
changes in house prices affect profit attributable to land prices much more than profit 
attributable to structure costs.  Interestingly, the amount of new construction (permits) has 
little effect on profit per unit.  These findings imply that unexpected changes in structure 
costs are readily passed on to the consumer, and builders are much more sensitive to land 
cost because it has a greater impact on the builder’s bottom line.2 This research suggests 
that, at least in the single family housing market, builder profit attributable to structure costs 
are slight in comparison land costs, consistent with the theory of residual land value. 
 
Other previous research has led to inconclusive results as to whether construction costs 
affect housing supply and the real estate investment decision.  Each of the studies uses 
different measures of construction costs/inputs.  Wheaton’s 1987 study reveals that the 
supply side of the office market responds to changes in price and rent more quickly than 
demand.  In this study, Wheaton finds construction cost and interest rates to be insignificant 
in predicting construction stock. In the study, the Means Cost Index is used.3 Clemhout’s 
1981 study hypothesizes that rising housing costs are attributable to inefficiencies due to the 
inherent cyclicality of supply in the housing market.  Cyclicality causes the inefficient use of 
factors of production such as labor and capital, causing higher housing prices.  Cyclicality in 
the prime rate also influences housing cyclicality, and undercapitalization of the industry 
also produces inefficiencies. 4 However, with the introduction of REITs and mortgage 
backed securities, undercapitalization no longer appears to be a significant cause of 
inefficiency in the housing market. Recent findings regarding elasticity of new housing 
supply are best summarized in Blackley’s 1999 study.  Building on the previous research of 
Follian (1979), Poterba (1984), DiPasquale and Wheaton (1994), and Topel and Rosen 
                                                
2 C. Tsuriel Somerville,. “The Contribution of Land and Structure to Builder Profits and House Prices,” 
Journal of Housing Research, Vol. 7:1 (1996), pp 127-141. 
3 William Wheaton.“The Cyclic Behavior of the National Office Market,” AREUEA Journal, Vol 15, No. 4 
(1987), pp 281-295. 
4 Simone Clemhout.”The Impact of Housing Cyclicality on the Construction of Residential Units and Housing 
Costs,” Land Economics, Vol 57:4 (1981), pp 609-619. 
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(1988), Blackley confirms that housing supply is mildly price elastic in the long run.  Also, 
his research further supports Poterba’s findings that supply is affected by interest rates and 
credit conditions. Unlike Poterba and Topel and Rosen, he determines that construction costs 
are endogenous to the supply function in the form of construction wage rate.5   
                                                
5 Dixie M. Blackley. “The Long-Run Elasticity of New Housing Supply in the United States: Empirical 
Evidence for 1950 to 1994,” Journal of Real Estate Finance and Economics, Vol 18:1 (1999), pp 25-42.  
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CHAPTER 2:  PRESENTATION OF THE DATA 
 
The data used in this analysis was made available by FW Dodge, a subsidiary of McGraw-
Hill Construction (the data is proprietary and is used with their permission). 6 MSAs were 
selected to study: Chicago, IL; Phoenix, AZ; Denver, CO; Washington, DC; San Diego, CA 
and Dallas, TX. Chicago and Washington DC are traditionally considered mature cities, 
while the others have exhibited higher growth over the last 35 years.  The data includes 
construction bid prices for over 80,000 office and multi-family residential projects. 
Additionally, limited descriptive information regarding product type, frame construction, 
number of stories, and floor area is also included.  Data for the Chicago, Dallas and 
Washington DC MSAs begins in 1967.  Data for Phoenix and San Diego was available back 
to 1968, and data for the Denver MSA was only available back to 1969. 
  
Of the 80,836 data points collected, approximately 4% were incomplete.  Projects that 
lacked area, cost, or story information were removed from the sample.  Data from projects 
under 2,000 sf for multi-family and 5,000 sf for office buildings or over 1 million sf were 
also eliminated from the data set.  The intent of this study is to develop a construction cost 
index representative of typical projects, so outliers at the extreme ends of the size spectrum 
were removed from the sample.  The data was then segregated at the MSA and property 
level, providing 12 different sets of data.  After this screening, the office sample size was 
reduced to 18,469 observations ranging between 1937 and 3857 observations per MSA.  
There were 42,340 apartment observations ranging between 3777 and 12259 observations 
per MSA.   
 
 
Figure 3: Number of Observations By Product Type and Location   
        
  Chicago Dallas Denver Phoenix San Diego Washington, DC Total
Apartment 12259 3777 3356 5943 9301 7704 42340
Office 3857 3154 1937 3344 2383 3794 18469
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In addition to cost, the data includes information regarding MSA, product type, frame 
construction, number of stories, and floor area.  All of these variables affect construction 
cost.  For instance, construction costs vary widely based on local factors such as material 
cost and availability and differences in the labor pools.  Building specifications and 
associated costs vary widely across different product types.  Apartments are constructed 
much differently than office buildings.  Different methods of construction –wood, concrete, 
steel, etc. have also different costs.  Finally, construction costs vary depending on the 
dimensions of the building.  Costs typically increase on a per square foot basis as the number 
of stories increases due to the complexity of high rise construction, and decrease as total 
floor area increases due to economies of scale. 
 
The FW Dodge includes the 12 different frame classifications listed below.   
 
Code    Frame Type                
0         Alterations, non-building, etc without framing 
A        Load or Wall Bearing (no further description) 
B        Steel 
C        Wood 
D        Concrete 
E         Pre-Fabricated or Pre-Engineered 
F        Other Described Framing Types 
G        Unknown Framing Type (no description) 
H        Steel and Concrete 
I          Load or Wall bearing and Steel 
J          Load or Wall bearing and Wood 
K        Load or Wall bearing and Concrete 
 
For this study, records with the ‘0’ classification were removed because they are alterations, 
not new construction.   Records that had unknown or hybrid frame types, classified as codes 
E-K, were combined into one Unknown/Other category. This was done because most of the 
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structures fall into one of the first 4 classifications –loadbearing, steel, wood and concrete.  
Figure 4 displays the distribution of frame types by location and product type.   
 
Figure 4: Frame Type By Location and Product Type     
         
    Frame Type   
MSA  Product Type Loadbearing Steel Wood Concrete Unk/Other Total 
Chicago Apartment 56.0% 6.3% 23.4% 3.8% 10.4% 100.0%
  Office 62.1% 20.3% 2.8% 3.8% 11.1% 100.0%
Dallas Apartment 58.4% 11.9% 15.2% 3.8% 10.7% 100.0%
  Office 16.2% 7.7% 66.0% 1.2% 9.0% 100.0%
Denver Apartment 52.6% 24.6% 4.9% 6.4% 11.6% 100.0%
  Office 40.2% 18.8% 25.7% 4.6% 10.7% 100.0%
Phoenix Apartment 18.6% 1.1% 37.8% 2.1% 40.5% 100.0%
  Office 33.1% 20.1% 9.9% 9.4% 27.5% 100.0%
San Diego Apartment 25.1% 9.7% 25.2% 5.4% 34.6% 100.0%
  Office 66.7% 1.0% 21.4% 0.7% 10.3% 100.0%
Washington,DC Apartment 71.6% 11.3% 5.5% 4.0% 7.6% 100.0%
  Office 69.1% 6.0% 13.6% 2.3% 9.0% 100.0%
 
 
The construction cost data does not account for soft costs such as architecture, engineering 
and legal fees which can often account for up to 30% of the total development cost. 
However, assuming that these costs are proportional to the cost of the structure, the index 
will still reflect overall trends in building costs.  While multi-family construction has 
remained fairly similar over the period of the study, there may be several additional biases in 
the office data.  First of all, the level of tenant finishes likely varies across the sample.  An 
additional potential source of error is due to the evolution of office design regarding building 
and energy efficiency, regulatory requirements pertaining to life safety and access, use of 
common and/or open space, and amenities.  These changes should be accounted for in the 
temporal analysis, but may provide error in a given year across “classes” of buildings.  
Additionally, these changes may be counteracted by advances in technology and practice 
that increase productivity. 
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CHAPTER 3:  METHODOLOGY  
 
In hedonic regression, cost may be measured based on a series of qualitative or descriptive 
measures over time.  Hedonic regression has long been the favored means of rent and price 
analysis in the commercial market by researchers such as Torto/Wheaton (1992) and many 
others in the single-family housing market.  Hedonic regression has also recently been used 
to examine market costs by Somerville (1999) in the residential market, and Roberts (1994) 
in the office market.  The hedonic regression used in this analysis is similar to the one 
employed by Roberts (1994).  Hedonic regression analysis allows us to ascertain the changes 
in construction costs over time, all else being equal.  We develop the construction cost 
indices using construction “bid” data from F.W. Dodge gathered from 1967-2004.  Data 
from 6 MSAs is examined for two different property types: office and multi-family 
residential.   
 
There are several options that may be used in creating a hedonic regression model.  We 
examined both linear and semi-log models in relation to COST and COST/SF.  In past 
studies, semi-log models have produced the best results.  However, there have been mixed 
results as to whether COST or COST/SF as the dependent variable provides the best results.  
Each of the different regression methods was tested and in this analysis, the model that 
produced the best statistical results was a semi-log regression of COST/SF.   
 
The semi-log regression model expresses the natural log of cost in nominal dollars divided 
by the total square footage of the project, Ln(COSTSF), as a function of the number of 
stories, units, total area, frame type, and year constructed.  In the semi-log form, each 
independent variable in the equation has a percentage impact upon COSTSF, as opposed to a 
dollar impact, like you would see in a linear regression.  For instance, if the coefficient for 
UNITS was .005, then each additional unit would increase the cost/sf by .5%.  Dummy 
variables were used to describe the year that the projects were completed.  If the coefficient 
for the year 2000 was -.22, then all projects completed in that year would cost 22% less in 
nominal dollars than in the default year (2004 was chosen as the default year in this 
analysis). 
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The log linear model is constructed in the following manner:  
 
Ln(COSTSF) = αo + α1STORY + α2UNITS + α3AREA + Σ βiFRAMEi + Σ βiYRi 
 
Where: 
  COSTSF = Construction cost per square foot of building 
  STORY = Number of stories 
  UNITS = Number of units in the project (apartment regression only) 
FRAME = Dummy variable for type of construction, steel frame, concrete, 
load bearing, or wood 
  AREA = Square feet of building in 1000’s 
  YRi = Dummy variable for each year 
  α,β = estimated statistical parameters 
  
Loadbearing and 2004 were chosen as defaults for FRAME and YR. 
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CHAPTER 4:   REGRESSION RESULTS 
 
The results of the hedonic regression for apartments and offices are statistically significant 
and provide logical results for each of the 6 MSAs.  Statistically speaking the R-squared 
range of .64-.86 for the apartment regressions and .50-.65 for the office regressions is quite 
acceptable for the number of observations used.  Additionally, all of the variables in each of 
the regressions have t-values that indicate statistical significance.   
 
Logically speaking, the results are also very satisfactory.  In all of the regressions, the 
coefficient for AREA is negative. This is an expected outcome for several reasons. First, 
there is an economy of scale in all construction, and cost per square foot typically declines as 
the overall size of the project increases.  This is due in part to economies of scale in 
production factors.  Larger projects typically have increased productivity due increased 
efficiency of repetitive work. Bulk material costs are another example of economies of scale. 
The decline in cost/sf as floor area increases may also be due to the decline in the ratio of 
expensive fixtures and amenities per square foot of space as floor area increases.   
 
In the apartment regressions, the coefficient for UNITS was positive.  This again is a logical 
and expected result.  As the number of units increases, so does the number of fixtures, which 
is typically one of the most expensive components of construction of residential units.  For 
instance, 1 2000 sf apartment will be cheaper to construct than 2 1000 sf apartments because 
there are twice as many fixtures for the equivalent square footage.  The positive coefficient 
for UNITS may also support the notion that as the number of units in an apartment complex 
increases, the amount and quality of shared amenities within the apartment complex 
typically increases as well, which increases the overall cost per square foot of construction. 
 
In all of the regressions, STORIES also has a positive coefficient.  Again as expected, cost 
per square foot increases as the height of the building increases.  Construction logistics 
become increasingly difficult as the height of the building increases, creating a premium for 
taller structures.  Equipment such as cranes increase the cost of construction dramatically.  
Secondly, foundation and structural systems must be stronger and are more expensive for 
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taller buildings to support increased loading.  Finally, the taller the building the more 
expensive access and conveyance systems such as elevators become.  
 
Typically, the regression results indicate that loadbearing has historically been the cheapest 
method of framing. Only in the Washington, DC and Phoenix office markets is wood 
framing cheaper.  Concrete construction was typically the most expensive, except in the 
Phoenix and San Diego office markets and the Denver apartment market where steel framing 
is the most expensive method.  Wood framing was typically the cheapest method of framing. 
 
The apartment regressions consistently produced higher R-squared values than the office 
regressions, indicating better fit.  There may be several reasons for the disparity in R-squared 
values between the two property types.  First, this might indicate a wider distribution of 
levels of quality in office properties than in residential properties.  Perhaps office properties 
are typically more heterogeneous in quality, with equal distribution among Class ‘A’, ‘B’, 
and ‘C’ office property types, while multi-family housing is typically more homogeneous.  
Secondly, these differences in quality may also have higher related cost implications in 
office properties than in residential properties.  On a square foot basis, the difference in 
construction costs for a Class ‘A’ versus a Class ‘C’ office building is likely to be much 
greater than the difference between an affordable and a luxury residential unit. 
 
When adjusted to real dollars, there do not appear to be many overarching trends between all 
of the MSAs, but there are a few interesting observations that one can make.  The San Diego 
apartment market has exhibited the highest level of construction real cost growth during the 
study period 1968-2004.  In real terms, San Diego apartment construction costs have 
increased by over 70% since 1970!  By comparison, all of the other MSAs have exhibited 
little to no growth, with only Chicago and Denver exhibiting significant cost growth in 
recent years, causing overall real cost growth to approach 15-20% for the study period.  
Interestingly, the San Diego office market has exhibited negative growth during that time 
period.     
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There are two interesting observable trends across the 6 office market construction cost 
indices. All of the office construction cost indices exhibit negative real growth during the 
study period.  Secondly, after a steady flat or mildly downward trend 1970s and 1980s, there 
was a cost growth spike in the early 90s followed by a decline into the late 90s, with 
recovery occurring during the late 1990s and early 2000s.  Was the office construction 
industry affected by the Persian Gulf War, and a heightened demand for materials?  If so, 
why don’t the apartment cost indices reveal the same phenomenon? Is office construction 
more sensitive to changes in material availability?  Or, was this “cycle” related to the 
recession that took place during the early 1990s? 
 
In recent years there has been some discussion about impending construction cost growth 
due to demographic changes in the labor markets, and changes in consumer tastes.  While 
the office construction cost indices do not yet appear to exhibit this predicted growth trend, 
the apartment cost indices do show signs of growth.  This growth in apartment construction 
costs may be indicative of a heightened demand for quality. In a recent article in “Multi- 
Housing News” the author discusses how developers are improving the quality and in turn 
the value of rental units in an effort to attract savvy consumers. Upgraded kitchen fixtures 
and countertops as well as flooring are some of the more popular ways to add long term 
value for minimal cost.6 These types of changes significantly increase apartment 
construction cost/sf.  Several other recent articles have also recently cited labor shortages as 
real threats to labor costs. Fewer and fewer workers are learning the trades and willing to 
work in the sometimes difficult conditions.7 8 This trend could have dramatic implications 
for the construction industry in the years to come. 
 
                                                
6 Shaw (2002) Shaw, Todd, Mark Ogler, David Dewar. “Developers Spend More Money to Entice Discerning 
Renters of Today,” Multi-Housing News, Vol. 37:4 (2002), pp 15-18. 
7 Grogan (1998) Grogan, Tim. “Costs Resist Demand Push.” Engineering News Record, Vol. 240:26 (1998), 
pp 32. 
8 Tompkins (2001) Tompkins, Stephen G. “Construction Industry Faces Potential Labor Crisis,” Cost 
Engineering, Vol. 43:11 (2001), p 36. 
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Figure 5: Chicago Apartments
     
Source SS                  df                MS Number of obs =   12259 
   F( 44, 12214) =  887.01 
Model 3679.57047     44      83.6266016 Prob > F      =  0.0000 
Residual 1151.52207   12214   .094278866 R-squared     =  0.7616 
   Adj R-squared =  0.7608 
Total 4831.09255   12258    .394117519 Root MSE      =  .30705 
     
Ln(cost/sf) Coef.             Std. Err.      t P>t     [95% Conf. Interval] 
Area -.0009391   .0000849   -11.06 0.000    -.0011055   -.0007726 
Units .0009542   .0000932    10.24 0.000     .0007715    .0011369 
Stories .0121043   .0009146    13.23 0.000     .0103116     .013897 
Steel .104316     .0126946     8.22 0.000     .0794326    .1291995 
Wood .0351405   .0070868     4.96 0.000     .0212492    .0490318 
Concrete .1048917   .0170761     6.14 0.000     .0714198    .1383637 
Other/Unk -.0032018   .0103293    -0.31 0.757    -.0234488    .0170452 
1967 -1.911219   .0385299   -49.60 0.000    -1.986744   -1.835695 
1968 -1.863383   .0391127   -47.64 0.000     -1.94005    -1.786716 
1969 -1.785113   .0387483   -46.07 0.000    -1.861066   -1.709161 
1970 -1.742454   .0392991   -44.34 0.000    -1.819487   -1.665422 
1971 -1.643621   .037898     -43.37 0.000    -1.717907   -1.569334 
1972 -1.602792   .0372625   -43.01 0.000    -1.675833   -1.529752 
1973 -1.490609   .0375785   -39.67 0.000    -1.564269   -1.416949 
1974 -1.427387   .0395697   -36.07 0.000     -1.50495    -1.349825 
1975 -1.412224   .0404902   -34.88 0.000    -1.491591   -1.332857 
1976 -1.401524   .0387466   -36.17 0.000    -1.477474   -1.325575 
1977 -1.256666    .03782      -33.23 0.000     -1.3308      -1.182533 
1978 -1.20896     .0384464   -31.45 0.000    -1.284321   -1.133599 
1979 -1.080134   .0382653   -28.23 0.000     -1.15514    -1.005128 
1980 -.96954       .0399891   -24.25 0.000    -1.047925   -.8911551 
1981 -.8661602   .0415719   -20.84 0.000    -.9476477   -.7846726 
1982 -.809442     .0427809   -18.92 0.000    -.8932994   -.7255847 
1983 -.7974227    .040603   -19.64 0.000    -.8770111   -.7178344 
1984 -.7608102   .0395581   -19.23 0.000    -.8383502   -.6832701 
1985 -.7638654   .0389521   -19.61 0.000    -.8402176   -.6875132 
1986 -.7184478   .0383777   -18.72 0.000    -.7936741   -.6432215 
1987 -.6578151   .0382195   -17.21 0.000    -.7327314   -.5828988 
1988 -.5910503   .0382528   -15.45 0.000    -.6660319   -.5160688 
1989 -.5394137   .0383263   -14.07 0.000    -.6145393   -.4642881 
1990 -.4799617   .0389724   -12.32 0.000    -.5563537   -.4035698 
1991 -.4348143   .0398763   -10.90 0.000    -.5129781   -.3566505 
1992 -.3833806   .0395447    -9.69 0.000    -.4608945   -.3058667 
1993 -.3865686   .0394996    -9.79 0.000     -.463994    -.3091432 
1994 -.366362      .0411786   -8.90 0.000    -.4470786   -.2856454 
1995 -.3556783   .0449185    -7.92 0.000    -.4437255    -.267631 
1996 -.3524788   .0403863    -8.73 0.000    -.4316423    -.2733153 
1997 -.3570877   .0379802    -9.40 0.000    -.431535      -.2826405 
1998 -.3054709   .0393415    -7.76 0.000    -.3825866    -.2283553 
1999 -.2781942   .0404415    -6.88 0.000    -.3574659    -.1989226 
2000 -.2839709   .0441291    -6.44 0.000    -.3704708    -.197471 
2001 -.3085339   .0406441    -7.59 0.000    -.3882028    -.228865 
2002 -.0980307   .0430951    -2.27 0.023    -.1825038   -.0135575 
2003 -.0804336   .0416934    -1.93 0.054    -.1621593    .0012921 
_cons 4.32148   .0355806   121.46 0.000     4.251737    4.391224 
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Figure 6: Dallas Apartments 
       
Source SS        df               MS Number of obs = 3777
    F( 44,  3732) 332.61
Model 1153.2285 44        26.2097386 Prob > F 0
Residual 294.086388 3732     .078801283 R-squared 0.7968
    Adj R-squared 0.7944
Total 1447.31489 3776    .383293138 Root MSE 0.28072
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.0009742 .0001249    -7.80 0.000    -.0012191 -0.00073
Units 0.0004128 .0001133     3.64 0.000     .0001906 0.000635
Stories 0.0299991 .0040891     7.34 0.000     .0219821 0.038016
Steel 0.1371545 .0373258     3.67 0.000     .0639735 0.210336
Wood 0.0504031 .0143016     3.52 0.000     .0223635 0.078443
Concrete 0.2238285 .05311         4.21 0.000     .1197009 0.327956
Other/Unk 0.0464674 .0209467     2.22 0.027     .0053992 0.087536
1967 -1.874586 .0814707   -23.01 0.000    -2.034318 -1.71486
1968 -1.80443 .0797018   -22.64 0.000    -1.960694 -1.64817
1969 -1.662646 .0722805   -23.00 0.000    -1.804359 -1.52093
1970 -1.638708 .07201      -22.76 0.000    -1.779891 -1.49753
1971 -1.616536 .0713229   -22.67 0.000    -1.756372 -1.4767
1972 -1.480906 .0719087   -20.59 0.000     -1.62189 -1.33992
1973 -1.38196 .0740068   -18.67 0.000    -1.527058 -1.23686
1974 -1.323968 .0756045   -17.51 0.000    -1.472198 -1.17574
1975 -1.396831 .0805712   -17.34 0.000    -1.554799 -1.23886
1976 -1.404009 .0809172   -17.35 0.000    -1.562655 -1.24536
1977 -1.335939 .0735374   -18.17 0.000    -1.480116 -1.19176
1978 -1.205905 .0770274   -15.66 0.000    -1.356924 -1.05489
1979 -1.04887 .0747533   -14.03 0.000    -1.195432 -0.90231
1980 -0.8329958 .0740138   -11.25 0.000    -.9781072 -0.68788
1981 -0.7092727 .0724835    -9.79 0.000    -.8513838 -0.56716
1982 -0.6045752 .0713985    -8.47 0.000     -.744559 -0.46459
1983 -0.6042661 .0700162    -8.63 0.000    -.7415398 -0.46699
1984 -0.5788097 .0704033    -8.22 0.000    -.7168424 -0.44078
1985 -0.5758392 .0707297    -8.14 0.000    -.7145119 -0.43717
1986 -0.5913158 .0725197    -8.15 0.000    -.7334979 -0.44913
1987 -0.4357598 .0822082    -5.30 0.000    -.5969371 -0.27458
1988 -0.4018346 .0931799    -4.31 0.000     -.584523 -0.21915
1989 -0.3216045 .1066421    -3.02 0.003     -.530687 -0.11252
1990 -0.298706 .0866771    -3.45 0.001    -.4686451 -0.12877
1991 -0.257362 .091856      -2.80 0.005    -.4374548 -0.07727
1992 -0.4130061 .1015448    -4.07 0.000    -.6120948 -0.21392
1993 -0.3152591 .1014753    -3.11 0.002    -.5142116 -0.11631
1994 -0.2737219 .0793942    -3.45 0.001    -.4293821 -0.11806
1995 -0.2451068 .0812454    -3.02 0.003    -.4043964 -0.08582
1996 -0.2335692 .0782457    -2.99 0.003    -.3869777 -0.08016
1997 -0.2429053 .0758741    -3.20 0.001    -.3916641 -0.09415
1998 -0.0966698 .0730329    -1.32 0.186    -.2398581 0.046518
1999 -0.1117077 .0759862    -1.47 0.142    -.2606862 0.037271
2000 -0.0217887 .07634        -0.29 0.775    -.1714609 0.127884
2001 -0.0024989 .0788112    -0.03 0.975    -.1570161 0.152018
2002 -0.0295533 .0773732    -0.38 0.703    -.1812513 0.122145
2003 0.0079574 .0783178     0.10 0.919    -.1455925 0.161507
_cons 3.956205 .0703837    56.21 0.000      3.81821 4.094199
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Figure 7: Denver Apartments 
      
Source SS       df             MS Number of obs =    3356 
    F( 42,  3313) =  293.40 
Model 863.907906 42        20.5692358 Prob > F      =  0.0000 
Residual 232.264698 3313    .070107063 R-squared     =  0.7881 
    Adj R-squared =  0.7854 
Total 1096.1726 3355    .326728049 Root MSE      =  .26478 
      
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.001478 .000158      -9.35 0.000    -.0017878   -.0011682 
Units 0.0011553 .0001484     7.79 0.000     .0008644    .0014463 
Stories 0.0207018 .0024399     8.48 0.000     .0159179    .0254858 
Steel 0.3730042 .0425785     8.76 0.000     .2895214     .456487 
Wood 0.0785998 .0131441     5.98 0.000     .0528284    .1043711 
Concrete 0.2615505 .0348039     7.51 0.000     .1933112    .3297898 
Other/Unk 0.0809485 .0185811     4.36 0.000     .0445169    .1173801 
1967 (dropped)    
1968 (dropped)    
1969 -1.787079 .053721     -33.27 0.000    -1.892408   -1.681749 
1970 -1.736905 .0527473   -32.93 0.000    -1.840326   -1.633485 
1971 -1.655155 .0514447   -32.17 0.000    -1.756022   -1.554289 
1972 -1.534218 .051929     -29.54 0.000    -1.636035   -1.432402 
1973 -1.465106 .0522093   -28.06 0.000    -1.567471    -1.36274 
1974 -1.308152 .0588609   -22.22 0.000    -1.423559   -1.192744 
1975 -1.233613 .0752007   -16.40 0.000    -1.381058   -1.086168 
1976 -1.31006 .0839824   -15.60 0.000    -1.474722   -1.145397 
1977 -1.198157 .0636543   -18.82 0.000    -1.322963   -1.073351 
1978 -1.162488 .0578011   -20.11 0.000    -1.275817   -1.049158 
1979 -1.026157 .0522835   -19.63 0.000    -1.128669    -.923646 
1980 -0.8563619 .0528829   -16.19 0.000    -.9600483   -.7526755 
1981 -0.6609666 .0531796   -12.43 0.000    -.7652348   -.5566984 
1982 -0.6789712 .0498674   -13.62 0.000    -.7767452   -.5811973 
1983 -0.6696932 .0476749   -14.05 0.000    -.7631684   -.5762181 
1984 -0.6537773 .0480839   -13.60 0.000    -.7480545   -.5595002 
1985 -0.6433365 .0493982   -13.02 0.000    -.7401907   -.5464824 
1986 -0.6573904 .0510434   -12.88 0.000    -.7574703   -.5573106 
1987 -0.6400609 .0558277   -11.46 0.000    -.7495211   -.5306006 
1988 -0.5954702 .0688832    -8.64 0.000    -.7305282   -.4604123 
1989 -0.5684661 .0722727    -7.87 0.000    -.7101698   -.4267623 
1990 -0.4947862 .1040532    -4.76 0.000    -.6988013   -.2907711 
1991 -0.4544712 .095115      -4.78 0.000    -.6409613    -.267981 
1992 -0.3727885 .0695827    -5.36 0.000     -.509218   -.2363591 
1993 -0.4603722 .0660135    -6.97 0.000    -.5898035   -.3309409 
1994 -0.2688398 .0572024    -4.70 0.000    -.3809955   -.1566841 
1995 -0.3170359 .055073      -5.76 0.000    -.4250165   -.2090554 
1996 -0.2285302 .0541381    -4.22 0.000    -.3346777   -.1223826 
1997 -0.2835423 .0527817    -5.37 0.000    -.3870303   -.1800542 
1998 -0.2576194 .0538552    -4.78 0.000    -.3632122   -.1520266 
1999 -0.2217086 .0518707    -4.27 0.000    -.3234104   -.1200068 
2000 -0.1861065 .0510871    -3.64 0.000    -.2862721    -.085941 
2001 -0.205531 .0503938    -4.08 0.000    -.3043371   -.1067249 
2002 -0.1279142 .0542118    -2.36 0.018    -.2342062   -.0216222 
2003 -0.0489218 .0554549    -0.88 0.378    -.1576511    .0598076 
_cons 4.32148 .0355806    121.46 0.00       4.17456       4.49768 
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 Figure 8: Phoenix Apartments 
       
Source SS        df            MS Number of obs = 5943
    F( 43,  5899) 246.11
Model 923.206132 43         21.46991 Prob > F 0
Residual 514.616093 5899    .087237853 R-squared 0.6421
    Adj R-squared 0.6395
Total 1437.82222 5942     .24197614 Root MSE 0.29536
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.0015316 .0001188   -12.89 0.000    -.0017645 -0.0013
Units 0.0010266 .0001097     9.35 0.000     .0008114 0.001242
Stories 0.04638 .0059407     7.81 0.000     .0347341 0.058026
Steel 0.0462303 .0579167     0.80 0.425    -.0673077 0.159768
Wood 0.0409548 .0113496     3.61 0.000     .0187054 0.063204
Concrete 0.1520074 .0491168     3.09 0.002     .0557206 0.248294
Other/Unk 0.0415502 .0141289     2.94 0.003     .0138524 0.069248
1967 (dropped)     
1968 -1.871094 .0970037   -19.29 0.000    -2.061257 -1.68093
1969 -1.770079 .0753635   -23.49 0.000     -1.91782 -1.62234
1970 -1.615866 .069527     -23.24 0.000    -1.752164 -1.47957
1971 -1.512913 .0639944   -23.64 0.000    -1.638366 -1.38746
1972 -1.404822 .0639252   -21.98 0.000    -1.530139 -1.27951
1973 -1.480692 .0651067   -22.74 0.000    -1.608325 -1.35306
1974 -1.332375 .0677847   -19.66 0.000    -1.465258 -1.19949
1975 -1.294042 .0775269   -16.69 0.000    -1.446023 -1.14206
1976 -1.184411 .0755999   -15.67 0.000    -1.332615 -1.03621
1977 -1.090358 .0681507   -16.00 0.000    -1.223958 -0.95676
1978 -1.094679 .0653083   -16.76 0.000    -1.222707 -0.96665
1979 -0.9730279 .063368     -15.36 0.000    -1.097252 -0.8488
1980 -0.8692959 .0634675   -13.70 0.000    -.9937154 -0.74488
1981 -0.7379472 .063219     -11.67 0.000    -.8618796 -0.61401
1982 -0.6468605 .0634816   -10.19 0.000    -.7713076 -0.52241
1983 -0.6400746 .0622852   -10.28 0.000    -.7621764 -0.51797
1984 -0.6070472 .0620106    -9.79 0.000    -.7286107 -0.48548
1985 -0.5901561 .0620995    -9.50 0.000    -.7118938 -0.46842
1986 -0.5504894 .0625896    -8.80 0.000    -.6731878 -0.42779
1987 -0.463545 .0644697    -7.19 0.000    -.5899293 -0.33716
1988 -0.4459135 .0655072    -6.81 0.000    -.5743317 -0.3175
1989 -0.340102 .072263      -4.71 0.000    -.4817639 -0.19844
1990 -0.4515246 .0856461    -5.27 0.000    -.6194223 -0.28363
1991 -0.3708757 .1018932    -3.64 0.000    -.5706238 -0.17113
1992 -0.4873859 .0973551    -5.01 0.000    -.6782375 -0.29653
1993 -0.3012081 .0936612    -3.22 0.001    -.4848184 -0.1176
1994 -0.347563 .0771017    -4.51 0.000    -.4987106 -0.19642
1995 -0.2606051 .0724954    -3.59 0.000    -.4027227 -0.11849
1996 -0.3337571 .071629      -4.66 0.000    -.4741762 -0.19334
1997 -0.3262839 .0693946    -4.70 0.000    -.4623227 -0.19025
1998 -0.1926723 .0680638    -2.83 0.005    -.3261023 -0.05924
1999 -0.2079135 .0675975    -3.08 0.002    -.3404293 -0.0754
2000 -0.1950374 .0671136    -2.91 0.004    -.3266046 -0.06347
2001 -0.1685331 .0689658    -2.44 0.015    -.3037313 -0.03333
2002 -0.1444447 .0716898    -2.01 0.044    -.2849829 -0.00391
2003 -0.0776756 .0707128    -1.10 0.272    -.2162986 0.060948
_cons 4.029183 .062412      64.56 0.000     3.906833 4.151534
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Figure 9: San Diego Apartments 
       
Source SS        df         MS Number of obs = 9301
    F( 43,  9257) 1397.54
Model 3324.31976 43        77.3097618 Prob > F 0
Residual 512.082158 9257    .055318371 R-squared 0.8665
    Adj R-squared 0.8659
Total 3836.40191 9300    .412516335 Root MSE 0.2352
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.0007639 .0001065    -7.17 0.000    -.0009727 -0.00056
Units 0.0006677 .0001107     6.03 0.000     .0004506 0.000885
Stories 0.0327391 .0020075    16.31 0.000      .028804 0.036674
Steel 0.058399 .0249322     2.34 0.019     .0095263 0.107272
Wood 0.0236291 .0069494     3.40 0.001     .0100069 0.037251
Concrete 0.0667047 .0411024     1.62 0.105    -.0138651 0.147274
Other/Unk -0.0103334 .0077534    -1.33 0.183    -.0255319 0.004865
1967 (dropped)     
1968 -2.266392 .0503313   -45.03 0.000    -2.365052 -2.16773
1969 -2.151698 .0474194   -45.38 0.000    -2.244651 -2.05875
1970 -2.040544 .0476059   -42.86 0.000    -2.133862 -1.94723
1971 -1.937705 .046833     -41.37 0.000    -2.029508 -1.8459
1972 -1.879334 .0470097   -39.98 0.000    -1.971484 -1.78719
1973 -1.764029 .0477382   -36.95 0.000    -1.857606 -1.67045
1974 -1.635021 .0485107   -33.70 0.000    -1.730113 -1.53993
1975 -1.505574 .0492138   -30.59 0.000    -1.602044 -1.4091
1976 -1.436085 .0472919   -30.37 0.000    -1.528788 -1.34338
1977 -1.3689 .0468719   -29.21 0.000     -1.46078 -1.27702
1978 -1.266312 .0471565   -26.85 0.000    -1.358749 -1.17388
1979 -1.109659 .0475193   -23.35 0.000    -1.202807 -1.01651
1980 -0.9317485 .0472026   -19.74 0.000    -1.024276 -0.83922
1981 -0.884345 .047611     -18.57 0.000     -.977673 -0.79102
1982 -0.8423527 .0494643   -17.03 0.000    -.9393138 -0.74539
1983 -0.8004882 .0473589   -16.90 0.000    -.8933221 -0.70765
1984 -0.781041 .0467117   -16.72 0.000    -.8726061 -0.68948
1985 -0.7890492 .0466889   -16.90 0.000    -.8805697 -0.69753
1986 -0.7419263 .0467784   -15.86 0.000    -.8336222 -0.65023
1987 -0.6960734 .048002     -14.50 0.000    -.7901679 -0.60198
1988 -0.7028779 .0497347   -14.13 0.000    -.8003688 -0.60539
1989 -0.5556176 .049103     -11.32 0.000    -.6518703 -0.45936
1990 -0.4477521 .0494841    -9.05 0.000    -.5447518 -0.35075
1991 -0.4445174 .0509078    -8.73 0.000    -.5443079 -0.34473
1992 -0.4373349 .0528697    -8.27 0.000    -.5409712 -0.3337
1993 -0.3730058 .0597382    -6.24 0.000    -.4901058 -0.25591
1994 -0.4320541 .0616831    -7.00 0.000    -.5529665 -0.31114
1995 -0.2897833 .066145      -4.38 0.000     -.419442 -0.16012
1996 -0.2506579 .0696552    -3.60 0.000    -.3871975 -0.11412
1997 -0.4635364 .0543545    -8.53 0.000    -.5700832 -0.35699
1998 -0.3723491 .05609        -6.64 0.000    -.4822979 -0.2624
1999 -0.3044239 .0536563    -5.67 0.000    -.4096021 -0.19925
2000 -0.2648904 .0513556    -5.16 0.000    -.3655588 -0.16422
2001 -0.3077168 .0511589    -6.01 0.000    -.4079996 -0.20743
2002 -0.0611636 .0550391    -1.11 0.266    -.1690524 0.046725
2003 -0.1332498 .0511132    -2.61 0.009     -.233443 -0.03306
cons 4.377085 .0461421    94.86 0.000     4.286636 4.467533
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Figure 10: Washington, DC Apartments 
       
Source SS       df          MS Number of obs = 7704
    F( 44,  7659) 344.43
Model 1361.83364 44       30.9507646 Prob > F 0
Residual 688.245166 7659   .08986097 R-squared 0.6643
    Adj R-squared 0.6624
Total 2050.07881 7703   .26614031 Root MSE 0.29977
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.001407 .0000897   -15.69 0.000    -.0015827 -0.00123
Units 0.0011156 .0001058    10.55 0.000     .0009083 0.001323
Stories 0.0239439 .0021155    11.32 0.000     .0197969 0.028091
Steel 0.1064428 .0241704     4.40 0.000     .0590621 0.153823
Wood 0.0201084 .0081667     2.46 0.014     .0040995 0.036117
Concrete 0.1922123 .0233001     8.25 0.000     .1465378 0.237887
Other/Unk 0.0197511 .0125935     1.57 0.117    -.0049357 0.044438
1967 -1.704015 .048317     -35.27 0.000    -1.798729 -1.6093
1968 -1.668757 .0463638   -35.99 0.000    -1.759643 -1.57787
1969 -1.554727 .046054     -33.76 0.000    -1.645005 -1.46445
1970 -1.524854 .0528213   -28.87 0.000    -1.628398 -1.42131
1971 -1.479251 .040121     -36.87 0.000    -1.557899 -1.4006
1972 -1.434557 .0399378   -35.92 0.000    -1.512846 -1.35627
1973 -1.335804 .0434758   -30.73 0.000    -1.421029 -1.25058
1974 -1.271703 .049658     -25.61 0.000    -1.369047 -1.17436
1975 -1.149854 .0558866   -20.57 0.000    -1.259407 -1.0403
1976 -1.141926 .0421623   -27.08 0.000    -1.224576 -1.05928
1977 -1.090534 .0449311   -24.27 0.000    -1.178611 -1.00246
1978 -0.9351557 .0442228   -21.15 0.000    -1.021845 -0.84847
1979 -0.8655929 .0421227   -20.55 0.000    -.9481648 -0.78302
1980 -0.706951 .0407696   -17.34 0.000    -.7868705 -0.62703
1981 -0.6260851 .0420485   -14.89 0.000    -.7085117 -0.54366
1982 -0.5551771 .0397573   -13.96 0.000    -.6331123 -0.47724
1983 -0.5432024 .0358378   -15.16 0.000    -.6134543 -0.47295
1984 -0.524902 .0360494   -14.56 0.000    -.5955688 -0.45424
1985 -0.4437987 .0351664   -12.62 0.000    -.5127345 -0.37486
1986 -0.3637186 .0342211   -10.63 0.000    -.4308013 -0.29664
1987 -0.3450865 .0344415   -10.02 0.000    -.4126012 -0.27757
1988 -0.3198431 .0349163    -9.16 0.000    -.3882886 -0.2514
1989 -0.2971286 .0346737    -8.57 0.000    -.3650986 -0.22916
1990 -0.2290532 .0380162    -6.03 0.000    -.3035754 -0.15453
1991 -0.2638052 .0362089    -7.29 0.000    -.3347846 -0.19283
1992 -0.3080312 .0561952    -5.48 0.000    -.4181892 -0.19787
1993 -0.2266408 .0581821    -3.90 0.000    -.3406936 -0.11259
1994 -0.2285171 .0650674    -3.51 0.000     -.356067 -0.10097
1995 -0.1052057 .0587017    -1.79 0.073    -.2202772 0.009866
1996 -0.0737419 .0432714    -1.70 0.088    -.1585658 0.011082
1997 -0.1278354 .0351472    -3.64 0.000    -.1967336 -0.05894
1998 -0.2095214 .0363448    -5.76 0.000    -.2807671 -0.13828
1999 -0.1516419 .0355244    -4.27 0.000    -.2212794 -0.082
2000 -0.1089315 .0353788    -3.08 0.002    -.1782836 -0.03958
2001 -0.175973 .0357975    -4.92 0.000    -.2461459 -0.1058
2002 0.0302522 .0432154     0.70 0.484    -.0544619 0.114966
2003 -0.0036316 .0389064    -0.09 0.926    -.0798988 0.072636
_cons 4.034186 .0327823   123.06 0.000     3.969924 4.098448
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Figure 11: Chicago Office 
       
Source SS        df                 MS Number of obs = 3857
    F( 43,  3813) 162.2
Model 904.239286 43         21.0288206 Prob > F 0
Residual 494.357522 3813    .129650544 R-squared 0.6465
    Adj R-squared 0.6425
Total 1398.59681 3856    .362706641 Root MSE 0.36007
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.0003775 .0000926    -4.08 0.000     -.000559 -0.0002
Stories 0.0169624 .0024403     6.95 0.000     .0121781 0.021747
Steel 0.0252165 .013714       1.84 0.066     -.001671 0.052104
Wood 0.0251877 .0322573     0.78 0.435    -.0380556 0.088431
Concrete 0.0945911 .0242201     3.91 0.000     .0471055 0.142077
Other/Unk 0.0342704 .019313     1.77 0.076    -.0035944 0.072135
1967 -1.661656 .0712297   -23.33 0.000    -1.801308 -1.522
1968 -1.578999 .0701782   -22.50 0.000    -1.716589 -1.44141
1969 -1.604953 .0691823   -23.20 0.000    -1.740591 -1.46932
1970 -1.415946 .070035     -20.22 0.000    -1.553256 -1.27864
1971 -1.408011 .0675995   -20.83 0.000    -1.540546 -1.27548
1972 -1.366333 .0663934   -20.58 0.000    -1.496503 -1.23616
1973 -1.310892 .068169     -19.23 0.000    -1.444543 -1.17724
1974 -1.266943 .0687736   -18.42 0.000    -1.401779 -1.13211
1975 -1.214728 .0716643   -16.95 0.000    -1.355232 -1.07422
1976 -1.20391 .0690443   -17.44 0.000    -1.339278 -1.06854
1977 -1.137693 .0643989   -17.67 0.000    -1.263953 -1.01143
1978 -1.061565 .0635458   -16.71 0.000    -1.186152 -0.93698
1979 -0.9006661 .063942     -14.09 0.000     -1.02603 -0.7753
1980 -0.731327 .0672957   -10.87 0.000     -.863266 -0.59939
1981 -0.7449406 .0693423   -10.74 0.000    -.8808922 -0.60899
1982 -0.6476577 .0727294    -8.91 0.000      -.79025 -0.50507
1983 -0.6401548 .0679129    -9.43 0.000     -.773304 -0.50701
1984 -0.6989658 .0659944   -10.59 0.000    -.8283535 -0.56958
1985 -0.6258298 .0655316    -9.55 0.000    -.7543102 -0.49735
1986 -0.6242874 .0648964    -9.62 0.000    -.7515224 -0.49705
1987 -0.4757197 .0673756    -7.06 0.000    -.6078153 -0.34362
1988 -0.4338559 .0653675    -6.64 0.000    -.5620145 -0.3057
1989 -0.3208159 .0664488    -4.83 0.000    -.4510946 -0.19054
1990 -0.2811906 .0688653    -4.08 0.000     -.416207 -0.14617
1991 -0.2106508 .0756715    -2.78 0.005    -.3590113 -0.06229
1992 -0.304351 .073093      -4.16 0.000    -.4476561 -0.16105
1993 -0.2807216 .073498      -3.82 0.000    -.4248207 -0.13662
1994 -0.4133276 .0776911    -5.32 0.000    -.5656476 -0.26101
1995 -0.3351237 .074326      -4.51 0.000    -.4808461 -0.1894
1996 -0.2282126 .0739957    -3.08 0.002    -.3732875 -0.08314
1997 -0.1937783 .0677685    -2.86 0.004    -.3266443 -0.06091
1998 -0.154388 .0673209    -2.29 0.022    -.2863764 -0.0224
1999 -0.1796747 .0703481    -2.55 0.011    -.3175982 -0.04175
2000 -0.1672525 .0707824    -2.36 0.018    -.3060275 -0.02848
2001 -0.1419472 .0712588    -1.99 0.046    -.2816562 -0.00224
2002 -0.0497485 .0690733    -0.72 0.471    -.1851726 0.085676
2003 0.0074168 .0686176     0.11 0.914     -.127114 0.141948
_cons 4.524601 .0591354    76.51 0.000     4.408661 4.640542
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Figure 12: Dallas Office 
       
Source SS      df         MS Number of obs = 3154
    F( 43,  3110) 120.58
Model 688.533731 43      16.0124123 Prob > F 0
Residual 413.004332 3110  .132798821 R-squared 0.6251
    Adj R-squared 0.6199
Total 1101.53806 3153  .349361898 Root MSE 0.36442
       
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval] 
Area -0.0005538 .0001086    -5.10 0.000    -.0007667 -0.00034
Stories 0.0144489 .0029089     4.97 0.000     .0087454 0.020152
Steel 0.1147071 .0193811     5.92 0.000     .0767061 0.152708
Wood 0.0733422 .0307439     2.39 0.017     .0130619 0.133623
Concrete 0.1213468 .0258755     4.69 0.000     .0706119 0.172082
Other/Unk 0.0844638 .0238604     3.54 0.000       .03768 0.131248
1967 -1.727997 .1206022   -14.33 0.000    -1.964465 -1.49153
1968 -1.63043 .091998     -17.72 0.000    -1.810813 -1.45005
1969 -1.586686 .0845483   -18.77 0.000    -1.752462 -1.42091
1970 -1.506762 .0779995   -19.32 0.000    -1.659698 -1.35383
1971 -1.431133 .0770983   -18.56 0.000    -1.582302 -1.27996
1972 -1.462678 .0808894   -18.08 0.000     -1.62128 -1.30408
1973 -1.328217 .0775013   -17.14 0.000    -1.480176 -1.17626
1974 -1.202647 .0794394   -15.14 0.000    -1.358406 -1.04689
1975 -1.150536 .0917295   -12.54 0.000    -1.330393 -0.97068
1976 -1.237768 .081863     -15.12 0.000    -1.398279 -1.07726
1977 -1.165445 .0813033   -14.33 0.000    -1.324859 -1.00603
1978 -0.905091 .0768708   -11.77 0.000    -1.055814 -0.75437
1979 -0.8225813 .0732474   -11.23 0.000    -.9661994 -0.67896
1980 -0.6962448 .0738733    -9.42 0.000    -.8410903 -0.5514
1981 -0.6523056 .0708682    -9.20 0.000    -.7912587 -0.51335
1982 -0.5432206 .0726358    -7.48 0.000    -.6856396 -0.4008
1983 -0.4935599 .0707273    -6.98 0.000    -.6322368 -0.35488
1984 -0.4808894 .0698027    -6.89 0.000    -.6177534 -0.34403
1985 -0.4246235 .06867       -6.18 0.000    -.5592666 -0.28998
1986 -0.411995 .0767498    -5.37 0.000    -.5624804 -0.26151
1987 -0.3509174 .0857642    -4.09 0.000    -.5190775 -0.18276
1988 -0.4129724 .0979378    -4.22 0.000    -.6050018 -0.22094
1989 -0.2169559 .1378692    -1.57 0.116    -.4872798 0.053368
1990 -0.1914395 .1124427    -1.70 0.089    -.4119089 0.02903
1991 -0.0652836 .1027741    -0.64 0.525    -.2667956 0.136228
1992 0.005445 .1144227     0.05 0.962    -.2189067 0.229797
1993 -0.0402634 .1044777    -0.39 0.700    -.2451157 0.164589
1994 0.0381534 .0998175     0.38 0.702    -.1575615 0.233868
1995 -0.1118793 .0828842    -1.35 0.177    -.2743927 0.050634
1996 -0.021951 .0805887    -0.27 0.785    -.1799634 0.136061
1997 -0.2122649 .0727758    -2.92 0.004    -.3549584 -0.06957
1998 -0.1411496 .0703276    -2.01 0.045    -.2790428 -0.00326
1999 -0.0753329 .0714657    -1.05 0.292    -.2154577 0.064792
2000 -0.0399969 .072451      -0.55 0.581    -.1820535 0.10206
2001 -0.0529097 .0750909    -0.70 0.481    -.2001425 0.094323
2002 0.1202483 .0784604     1.53 0.125    -.0335911 0.274088
2003 -0.059906 .073684      -0.81 0.416    -.2043803 0.084568
_cons 4.271201 .0672952    63.47 0.000     4.139254 4.403149
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Figure 13: Denver Office   
        
Source SS df       MS  Number of obs 1937
     F( 41,  1895) 45.85
Model 230.592794 41  5.62421449  Prob > F 0
Residual 232.473391 1895  .122677251  R-squared 0.498
     Adj R-squared 0.4871
Total 463.066185 1936  .239187079  Root MSE 0.35025
        
Ln(cost/sf) Coef. Std. Err.      t P>t [95% Conf. Interval] 
Area -0.0008427 .0001366    -6.17 0 -0.0011107 -0.00057 
Stories 0.0321941 .0031847    10.11 0 0.0259482 0.03844 
Steel 0.0562619 .0245845     2.29 0.022 0.0080463 0.104478 
Wood 0.0140693 .0307778     0.46 0.648 -0.0462926 0.074431 
Concrete 0.0635777 .0289285     2.20 0.028 0.0068426 0.120313 
Other/Unk 0.0241958 .0277922     0.87 0.384 -0.0303108 0.078702 
1967 (dropped)      
1968 (dropped)      
1969 -1.348565 .1271657   -10.60 0 -1.597964 -1.09917 
1970 -1.075265 .1308727    -8.22 0 -1.331935 -0.8186 
1971 -1.319959 .1154884   -11.43 0 -1.546457 -1.09346 
1972 -1.162251 .1065817   -10.90 0 -1.371281 -0.95322 
1973 -1.24446 .1082154   -11.50 0 -1.456694 -1.03223 
1974 -1.158741 .1040372   -11.14 0 -1.36278 -0.9547 
1975 -0.8801382 .1182335    -7.44 0 -1.11202 -0.64826 
1976 -1.096217 .1193806    -9.18 0 -1.330348 -0.86209 
1977 -0.9293829 .1117362    -8.32 0 -1.148522 -0.71024 
1978 -0.8507692 .1024363    -8.31 0 -1.051669 -0.64987 
1979 -0.7632396 .1001788    -7.62 0 -0.9597119 -0.56677 
1980 -0.7008194 .1007416    -6.96 0 -0.8983955 -0.50324 
1981 -0.5225565 .0990362    -5.28 0 -0.7167879 -0.32833 
1982 -0.4541443 .1005957    -4.51 0 -0.6514343 -0.25685 
1983 -0.4979754 .1025114    -4.86 0 -0.6990226 -0.29693 
1984 -0.4730647 .1003939    -4.71 0 -0.6699588 -0.27617 
1985 -0.5296683 .1007366    -5.26 0 -0.7272347 -0.3321 
1986 -0.3634868 .1102441    -3.30 0.001 -0.5796994 -0.14727 
1987 -0.5751026 .135421      -4.25 0 -0.8406926 -0.30951 
1988 -0.4395167 .1504801    -2.92 0.004 -0.7346407 -0.14439 
1989 -0.4052248 .1454005    -2.79 0.005 -0.6903866 -0.12006 
1990 -0.0640631 .1625004    -0.39 0.693 -0.3827617 0.254636 
1991 -0.2381895 .1987164    -1.20 0.231 -0.6279154 0.151537 
1992 0.0160889 .141318       0.11 0.909 -0.2610662 0.293244 
1993 -0.1081498 .1221367    -0.89 0.376 -0.3476864 0.131387 
1994 -0.3477156 .1234039    -2.82 0.005 -0.5897375 -0.10569 
1995 -0.2650014 .11263       -2.35 0.019 -0.4858933 -0.04411 
1996 -0.2091753 .1057453    -1.98 0.048 -0.4165648 -0.00179 
1997 -0.2020855 .1032799    -1.96 0.051 -0.4046396 0.000469 
1998 -0.1940314 .0993439    -1.95 0.051 -0.3888664 0.000804 
1999 -0.1752268 .1000404    -1.75 0.08 -0.3714277 0.020974 
2000 -0.2126685 .0981667    -2.17 0.03 -0.4051947 -0.02014 
2001 -0.2041802 .1013913    -2.01 0.044 -0.4030305 -0.00533 
2002 -0.141714 .1029713    -1.38 0.169 -0.343663 0.060235 
2003 -0.0344052 .1100985    -0.31 0.755 -0.2503323 0.181522 
_cons 4.334075 .0962051    45.05 0  4.145396 4.522754 
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Figure 14: Phoenix Office  
       
Source SS df       MS  Number of obs 3344
     F( 42,  3301) 114.19
Model 561.988252 42      13.3806727  Prob > F 0
Residual 386.807544 3301  .117178899  R-squared 0.5923
     Adj R-squared 0.5871
Total 948.795796 3343  .283815673  Root MSE 0.34231
       
Ln(cost/sf) Coef. Std. Err.      t P>t [95% Conf. Interval] 
Area -0.0007125 .0001461    -4.88 0 -0.000999 -0.0004261
Stories 0.0203273 .0040797     4.98 0 0.0123283 0.0283264
Steel 0.0809762 .0175675     4.61 0 0.0465319 0.1154204
Wood -0.0173681 .0252883    -0.69 0.492 -0.0669505 0.0322142
Concrete 0.0705705 .02649        2.66 0.008 0.018632 0.1225091
Other/Unk 0.0712886 .0233965     3.05 0.002 0.0254155 0.1171617
1967 (dropped)     
1968 -1.551054 .1100506   -14.09 0 -1.766829 -1.33528
1969 -1.250832 .0907094   -13.79 0 -1.428684 -1.07298
1970 -1.31529 .0791484   -16.62 0 -1.470475 -1.160105
1971 -1.325161 .0756912   -17.51 0 -1.473567 -1.176754
1972 -1.293775 .0643703   -20.10 0 -1.419985 -1.167566
1973 -1.209279 .0617196   -19.59 0 -1.330291 -1.088266
1974 -1.161698 .0631094   -18.41 0 -1.285435 -1.03796
1975 -1.016461 .083233     -12.21 0 -1.179655 -0.8532679
1976 -0.9986498 .0801657   -12.46 0 -1.155829 -0.8414702
1977 -1.069299 .0705114   -15.16 0 -1.207549 -0.9310482
1978 -0.8655411 .0642228   -13.48 0 -0.9914617 -0.7396205
1979 -0.7425367 .0644052   -11.53 0 -0.8688149 -0.6162585
1980 -0.6786028 .0624217   -10.87 0 -0.800992 -0.5562137
1981 -0.5784969 .0610674    -9.47 0 -0.6982308 -0.458763
1982 -0.566364 .0620025    -9.13 0 -0.6879312 -0.4447968
1983 -0.4385278 .0621086    -7.06 0 -0.560303 -0.3167526
1984 -0.4769589 .0602595    -7.92 0 -0.5951088 -0.3588091
1985 -0.4350755 .0597285    -7.28 0 -0.5521842 -0.3179669
1986 -0.3641177 .0603807    -6.03 0 -0.4825051 -0.2457303
1987 -0.293525 .0645095    -4.55 0 -0.4200077 -0.1670422
1988 -0.2183608 .0677749    -3.22 0.001 -0.351246 -0.0854757
1989 -0.1886467 .073079      -2.58 0.01 -0.3319314 -0.045362
1990 -0.1347606 .0935004    -1.44 0.15 -0.3180853 0.0485641
1991 -0.0148176 .1034182    -0.14 0.886 -0.2175878 0.1879527
1992 -0.0422884 .0935392    -0.45 0.651 -0.225689 0.1411122
1993 -0.1128178 .0990988    -1.14 0.255 -0.3071191 0.0814835
1994 -0.1791434 .0761134    -2.35 0.019 -0.3283776 -0.0299092
1995 -0.118816 .0661979    -1.79 0.073 -0.2486092 0.0109771
1996 -0.1278181 .061373      -2.08 0.037 -0.248151 -0.0074852
1997 -0.1075793 .0612006    -1.76 0.079 -0.2275742 0.0124156
1998 -0.1122767 .058321      -1.93 0.054 -0.2266257 0.0020722
1999 -0.1370182 .0589548    -2.32 0.02 -0.2526099 -0.0214265
2000 -0.1019996 .0590731    -1.73 0.084 -0.2178232 0.013824
2001 0.0215561 .0625878     0.34 0.731 -0.1011586 0.1442709
2002 -0.0156684 .0641198    -0.24 0.807 -0.1413869 0.1100501
2003 -0.0555713 .062156      -0.89 0.371 -0.1774395 0.0662969
_cons 4.258678 .0538475    79.09 0 4.153101 4.364256
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Figure 15: San Diego Office  
       
Source SS df       MS  Number of obs 2383
     F( 42,  2340) 87.88
Model 478.9443 42  11.4034353  Prob > F 0
Residual 303.6546 2340  .129766915  R-squared 0.612
     Adj R-squared 0.605
Total 782.5989 2382  .328546962  Root MSE 0.36023
       
Ln(cost/sf) Coef. Std. Err.      t P>t [95% Conf. Interval] 
Area -0.00084 .0001611    -5.21 0 -0.0011543 -0.00052
Stories 0.023199 .0043838     5.29 0 0.0146028 0.031796
Steel 0.179351 .0231967     7.73 0 0.1338626 0.224839
Wood 0.082767 .0227762     3.63 0 0.0381029 0.12743
Concrete 0.090018 .0439989     2.05 0.041 0.0037368 0.176299
Other/Unk 0.080582 .023691     3.40 0.001 0.0341242 0.127039
1967 (dropped)     
1968 -1.7777 .1233942   -14.41 0 -2.019677 -1.53573
1969 -1.65419 .1181811   -14.00 0 -1.885942 -1.42244
1970 -1.53509 .1175539   -13.06 0 -1.765608 -1.30457
1971 -1.59848 .1122968   -14.23 0 -1.818692 -1.37827
1972 -1.57218 .1069403   -14.70 0 -1.781885 -1.36247
1973 -1.5026 .1072112   -14.02 0 -1.712843 -1.29237
1974 -1.38878 .1103562   -12.58 0 -1.605181 -1.17237
1975 -1.17965 .1125913   -10.48 0 -1.400441 -0.95886
1976 -1.18201 .1115134   -10.60 0 -1.400688 -0.96334
1977 -1.25067 .1086857   -11.51 0 -1.463803 -1.03754
1978 -1.14253 .1069022   -10.69 0 -1.352163 -0.9329
1979 -0.97396 .1052485    -9.25 0 -1.180347 -0.76757
1980 -0.83742 .1058545    -7.91 0 -1.044998 -0.62984
1981 -0.7019 .1049966    -6.69 0 -0.9078001 -0.49601
1982 -0.70523 .1062548    -6.64 0 -0.9135921 -0.49687
1983 -0.62058 .1061983    -5.84 0 -0.828832 -0.41233
1984 -0.5791 .1074164    -5.39 0 -0.7897409 -0.36846
1985 -0.59582 .1064034    -5.60 0 -0.8044705 -0.38716
1986 -0.5665 .1072562    -5.28 0 -0.7768228 -0.35617
1987 -0.44538 .1086526    -4.10 0 -0.6584417 -0.23231
1988 -0.50592 .1079672    -4.69 0 -0.7176396 -0.2942
1989 -0.47132 .1068657    -4.41 0 -0.6808843 -0.26176
1990 -0.42741 .1121263    -3.81 0 -0.647292 -0.20754
1991 -0.37438 .1212859    -3.09 0.002 -0.6122191 -0.13654
1992 -0.28601 .1331962    -2.15 0.032 -0.5472044 -0.02481
1993 -0.32572 .1391365    -2.34 0.019 -0.5985653 -0.05288
1994 -0.45344 .1391186    -3.26 0.001 -0.726245 -0.18063
1995 -0.4928 .121985    -4.04 0 -0.7320057 -0.25359
1996 -0.28831 .1168517    -2.47 0.014 -0.5174488 -0.05916
1997 -0.52594 .1118537    -4.70 0 -0.7452833 -0.3066
1998 -0.43699 .1094878    -3.99 0 -0.6516964 -0.22229
1999 -0.29992 .1117632    -2.68 0.007 -0.519082 -0.08075
2000 -0.42743 .108904    -3.92 0 -0.6409859 -0.21387
2001 -0.35429 .1130567    -3.13 0.002 -0.5759893 -0.13259
2002 -0.26772 .1139605    -2.35 0.019 -0.4911989 -0.04425
2003 -0.07335 .1218162    -0.60 0.547 -0.3122319 0.165526
_cons 4.439387 .1013369    43.81 0 4.240667 4.638106
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Figure 16: Washington, DC Office 
      
Source SS        df         MS Number of obs = 3794
    F( 43,  3750) 142.75
Model 688.81521 43     16.0189585 Prob > F 0
Residual 420.80921 3750   .11221579 R-squared 0.6208
    Adj R-squared 0.6164
Total 1109.6244 3793  .292545328 Root MSE 0.33499
      
Ln(cost/sf) Coef. Std. Err.      t P>t     [95% Conf. Interval]
Area -0.0003315 .0000599    -5.54 0.000    -.0004489 -0.00021
Stories 0.0157896 .0023435     6.74 0.000     .0111949 0.020384
Steel 0.0382827 .0152609     2.51 0.012     .0083622 0.068203
Wood -0.0219318 .0305713    -0.72 0.473    -.0818698 0.038006
Concrete 0.0804712 .0207683     3.87 0.000      .039753 0.121189
Other/Unk 0.0325022 .0198809     1.63 0.102    -.0064762 0.071481
1967 -1.557088 .078299     -19.89 0.000    -1.710601 -1.40358
1968 -1.553608 .0788508   -19.70 0.000    -1.708203 -1.39901
1969 -1.56156 .076115     -20.52 0.000    -1.710791 -1.41233
1970 -1.422054 .0778204   -18.27 0.000    -1.574628 -1.26948
1971 -1.373367 .0770073   -17.83 0.000    -1.524347 -1.22239
1972 -1.336067 .0771082   -17.33 0.000    -1.487246 -1.18489
1973 -1.283375 .0738376   -17.38 0.000    -1.428141 -1.13861
1974 -1.045256 .08022      -13.03 0.000    -1.202535 -0.88798
1975 -1.063307 .082869    -12.83 0.000     -1.22578 -0.90083
1976 -1.081003 .0820703   -13.17 0.000    -1.241909 -0.9201
1977 -0.8941108 .0768393   -11.64 0.000    -1.044762 -0.74346
1978 -0.8273093 .0720303   -11.49 0.000    -.9685316 -0.68609
1979 -0.7992877 .0707212   -11.30 0.000    -.9379435 -0.66063
1980 -0.650037 .0711598    -9.13 0.000    -.7895527 -0.51052
1981 -0.5383234 .0714093    -7.54 0.000    -.6783282 -0.39832
1982 -0.5141127 .0710932    -7.23 0.000    -.6534978 -0.37473
1983 -0.5382347 .0696658    -7.73 0.000    -.6748212 -0.40165
1984 -0.4736981 .0683791    -6.93 0.000    -.6077619 -0.33963
1985 -0.4245362 .0683908    -6.21 0.000    -.5586231 -0.29045
1986 -0.3906805 .0683044    -5.72 0.000    -.5245979 -0.25676
1987 -0.3255491 .0684076    -4.76 0.000    -.4596689 -0.19143
1988 -0.2844079 .069079      -4.12 0.000     -.419844 -0.14897
1989 -0.2393916 .0699279    -3.42 0.001    -.3764919 -0.10229
1990 -0.2286102 .0754694    -3.03 0.002    -.3765752 -0.08065
1991 -0.1344335 .0876715    -1.53 0.125    -.3063219 0.037455
1992 -0.1542516 .0912021    -1.69 0.091    -.3330622 0.024559
1993 -0.1156886 .092205      -1.25 0.210    -.2964655 0.065088
1994 -0.0332932 .0931103    -0.36 0.721     -.215845 0.149259
1995 -0.1214309 .0853512    -1.42 0.155    -.2887701 0.045908
1996 -0.0084368 .0820567    -0.10 0.918    -.1693169 0.152443
1997 -0.1442523 .0761555    -1.89 0.058    -.2935625 0.005058
1998 -0.1280707 .0722469    -1.77 0.076    -.2697177 0.013576
1999 -0.147928 .0715805    -2.07 0.039    -.2882685 -0.00759
2000 -0.1255966 .0698261    -1.80 0.072    -.2624974 0.011304
2001 -0.1314587 .0728336    -1.80 0.071     -.274256 0.011339
2002 0.0307178 .0727124     0.42 0.673    -.1118419 0.173278
2003 0.0171661 .073651       0.23 0.816    -.1272339 0.161566
_cons 4.383117 .0660373    66.37 0.000     4.253644 4.512589
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CHAPTER 5:   COMPARISON TO COMMERCIAL COST INDICES 
 
Currently there are several different methods of predicting construction costs for different 
geographic areas or product types.  These indexes have been used to predict cost in previous 
research examining housing supply with mixed results. In the past, construction cost haves 
been estimated using input prices such as those available from the FHA, or using labor wage 
statistics from the Bureau of Labor Statistics.  Another commonly used method is using an 
index provided by a construction cost estimating service such as RS Means or Marshall & 
Swift.  The third method of measuring construction costs is using a national index, such as 
the Building Cost Index history published by Engineering News Record (ENR). In this 
study, we attempt a fourth method of developing construction cost indices using construction 
bid data.  We will compare our “project data” index with the RS Means Indices and the ENR 
Building Cost Index. 
 
RS Means provides construction cost data through a variety of products.  RS Means and 
similar companies collect input price information regularly from dozens of different 
metropolitan areas.  Their regularly updated information regarding materials, equipment and 
labor prices comes from sources such as surveys of contractors, suppliers, and dealers, as 
well as from catalogs and trade publications.9 Using these input prices, RS Means is able to 
approximate unit and square foot cost for different types of construction.  Additionally, they 
provide historic and location specific indices that allow users to compare costs in different 
locales over time.  We will compare these indices with our own “project level” indices. 
 
The ENR Building Cost Index is constructed summing 66.38 hours of skilled labor at the 20-
city average of bricklayers, carpenters and structural ironworkers rates, plus 25 cwt of 
standard structural steel shapes at the mill price prior to 1996 and the fabricated 20-city price 
from 1996, plus 1.128 tons of portland cement at the 20-city price, plus 1,088 board-ft of 2 x 
4 lumber at the 20-city price.  It is a national index using data from 20 different cities, and is 
                                                
9 RS Means Building Construction Cost Data 62nd Edition. RS Means Company, Inc, 2004, pp iv-vii. 
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updated monthly.10 Because the ENR index is a national index, we expect it to exhibit lower 
volatility than our index as well as the Means location specific indices. 
 
In the following graphs, our construction cost index is graphed with the Means Index and the 
ENR Building Cost Index.  Our index is specific to location and product type (apartment or 
office), while the Means Index represents general building costs for the specific MSA, and 
the ENR Building Cost Index represents a national cost average.  Each of the indices is 
adjusted for inflation and is graphed in real terms (2004 dollars).  
 
With the exception of the San Diego market, there was significant correlation between our 
apartment construction cost index and the Means and ENR indices in both real and nominal 
terms.  In real terms, 5 of the markets exhibit very mild growth in construction costs over the 
last 35 years.  Only the San Diego market exhibits high growth in construction costs in real 
terms and low correlation to the other indices.  Additionally, our construction cost index 
exhibited more cyclic behavior, fluctuating over and under the ENR national index and 
Means location specific indices.  This cyclic behavior is especially evident in the more 
volatile markets –Dallas, Denver, and San Diego.  There is much less cyclicality evident in 
the Chicago, Phoenix and Washington DC markets.  
 
Like the apartment index, the office construction cost index has strong correlation with the 
ENR and Means indices, while exhibiting more volatility.  While the apartment construction 
cost indices exhibit very limited, but typically positive cost growth over the period, the 
office indices exhibit zero to negative cost growth.  In the apartment indices, our index 
typically fluctuates above and below the other indices in real terms.  Our office index 
however, is consistently lower than the Means and ENR indices.  Perhaps the methods used 
to construct the ENR and Means indices are less accurate when describing office 
construction costs, or less able to account for the theoretical wider disparity in quality in 
office properties than apartment properties. 
 
                                                
10 Engineering News Record. Building Cost Index History. 
[http://enr.construction.com/features/conEco/costIndexes/bldIndexHist.asp]. 6/15/04. 
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One flaw in our index that is evident when comparing it to these other construction cost 
indices is its inability to differentiate between changes in input costs, and changes in 
building quality over time.  Building quality and specifications have improved steadily over 
the last 30 years.  These improvements are partially due to advances in building technology, 
design and processes. They are also due to improvements in socio-economic conditions and 
government regulations.  This improvement in building quality creates an upward bias in our 
project level index.  The Means and ENR indices are less affected by this change in quality 
over time because they are derived from input prices such as labor, equipment and materials.  
They don’t reflect improvements in building quality over time.  There is utility in having an 
index that is able to account for changes in quality and our index may provide a ”truer” 
approximation of construction cost.  
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Figure 17: 
Comparison of Construction Cost Indices for Chicago Apartments
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Figure 18: 
Comparison of Construction Cost Indices For Dallas Apartments
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Figure 19: 
Comparison of Construction Cost Indices for Denver Apartments
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Figure 20: 
Comparison of Construction Cost Indices for Phoenix Apartments
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Figure 21: 
Comparison of Construction Cost Indices for San Diego Apartments
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Figure 22:
 Comparison of Construction Cost Indices for Washington, DC Apartments
0.00
20.00
40.00
60.00
80.00
100.00
120.00
140.00
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
20
03
Year
In
de
x 
19
70
 =
 1
00
Cost Index Real
Means Index Real
ENR Index Real
 
 35
Figure 23: 
Comparison of Construction Real Cost Indices for Chicago Offices
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Figure 24: 
Comparison of Construction Real Cost Indices for Dallas Offices
0.00
20.00
40.00
60.00
80.00
100.00
120.00
140.00
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
20
03
Year
In
de
x 
19
70
 =
 1
00
Cost Index Real
Means Index Real
ENR Index Real
 
 36
Figure 25:
 Comparison of Construction Real Cost Indices for Denver Offices
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Figure 26: 
Comparison of Construction Real Cost Indices for Phoenix Offices
0.00
20.00
40.00
60.00
80.00
100.00
120.00
140.00
19
68
19
70
19
72
19
74
19
76
19
78
19
80
19
82
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
20
04
Year
In
de
x 
19
70
 =
 1
00
Cost Index Real
Means Index Real
ENR Index Real
 
 37
Figure 27: 
Comparison of Construction Real Cost Indices for San Diego Offices
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Figure 28: 
Comparison of Construction Real Cost Indices for Washington, DC Offices
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CHAPTER 6:  ELASTICITY OF CONSTRUCTION SUPPLY 
 
In our analysis, we also attempt to determine whether construction supply is more elastic or 
inelastic.  Casual observation would suggest that as demand for new construction supply 
rises, construction costs also rise.  If the industry is very “local” with labor or material 
constraints, then as activity picks up, costs will also increase.   Significant spikes in 
construction activity can also cause labor and material shortages which in turn cause higher 
costs.  Additionally, a very “local” industry is likely to be less competitive, and contractors 
are more likely and better able to charge higher prices as building activity increases.  When 
work is readily available in less than competitive markets, contractors are less likely to take 
on risk and therefore increase their margins.  Conversely, if construction costs are not 
correlated to building activity, we may infer that construction supply is elastic.  If the 
construction industry is mobile across markets then we expect costs to be invariant to the 
level of building activity.    
 
We attempt to determine whether there is correlation between construction costs and new 
supply using hedonic regression. First we compare our office construction real cost indices 
to new multi-tenant office supply for each of the 6 markets.  The new office supply is 
characterized by an estimate of the square footage of office space that becomes available in 
any given year. Data for 2004 is an estimate of square footage that is currently under 
construction.  The data is supplied by Torto/Wheaton Research Inc.   
 
The hedonic regression is run on construction cost/sf as a function of new supply in the 
current year (SUPPLYt) and the two following years (SUPPLYt+1) and (SUPPLYt+2). 
Construction contracts are typically bid and awarded 1-2 years in advance of completion, 
therefore completed space is more likely a function of construction costs 2 years prior to the 
year the project is completed and available for use.   
 
Only in the Chicago office market does there appear to be statistically significant correlation 
between construction cost/sf (COSTSF) and new office supply (SUPPLY). There is positive 
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correlation between COSTSF and SUPPLY in year t+2.  Other markets exhibited mild but 
inconclusive correlation in both years t and t+2.   
 
Next we compare our apartment construction real cost indices to new multifamily apartment 
supply.  In this analysis, the number of building permits issued for multifamily housing is 
compared to the construction cost index for any given year through 2003.  The building 
permit data is furnished by Torto/Wheaton Research Inc.  It is impossible to determine in 
which year construction actually took place in relation to the year the permit was issued, so 
it was assumed that construction began in the same calendar year.  In reality, construction 
could begin over 5-10 years later in some municipalities. 
 
Again, a hedonic regression was performed with cost/sf as the dependent variable and 
current year building permits issued as the independent variable.  Only in the San Diego 
market is there statistically significant correlation between cost/sf and new apartment supply.  
The coefficient for PERMITS had a negative sign, indicating that COSTSF and PERMITS 
are negatively correlated.  Instead of builders raising profit margins, apparently there is an 
economies of scale phenomenon that takes place causing construction costs to fall as 
production rises. 
 
Casual observation would suggest a positive relationship between new supply and 
construction costs. In this study, however, this does not appear to be the case.  There appears 
to be little correlation between new supply and construction costs.  The volatility in the 
commercial construction cost indices is likely due to random noise and shocks to the 
material and labor markets, and not due to changes in building activity.  This analysis 
supports the theory that the construction industry functions relatively competitively and 
efficiently and that the factors of production are mobile across markets.  Furthermore, the 
findings suggest that construction supply is elastic. 
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Figure 29:
Chicago Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 30:
Dallas Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 31:
Denver Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 32:
Phoenix Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 33:
San Diego Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 34:
Washington, DC Apartment Construction Real Cost Index vs New Apartment Supply
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Figure 35:
Chicago Office Construction Real Cost Index vs New Office Supply
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Figure 36:
Dallas Office Construction Real Cost Index vs New Office Supply
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Figure 37:
Denver Office Construction Real Cost Index vs New Office Supply
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Figure 38:
Phoenix Office Construction Real Cost Index vs New Office Supply
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Figure 39:
San Diego Office Construction Cost Index vs New Office Supply
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Figure 40:
Washington, DC Office Construction Real Cost Index vs New Office Supply
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Figure 41: Apartment Construction Cost as a Function of Supply   
       
       
CHICAGO        
Regression Statistics      
Multiple R 0.075      
R Square 0.006      
Adjusted R Square -0.023      
Standard Error 4.542      
Observations 37.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 4.130 4.130 0.200 0.657  
Residual 35.000 721.988 20.628    
Total 36.000 726.118        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 101.627 1.540 66.006 0.000 98.501 104.753 
Permits 0.000 0.000 0.447 0.657 0.000 0.000 
       
DALLAS       
Regression Statistics      
Multiple R 0.022      
R Square 0.000      
Adjusted R Square -0.028      
Standard Error 8.426      
Observations 37.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 1.195 1.195 0.017 0.897  
Residual 35.000 2484.653 70.990    
Total 36.000 2485.848        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 104.277 2.265 46.030 0.000 99.678 108.876 
Permits 0.000 0.000 -0.130 0.897 0.000 0.000 
       
DENVER       
Regression Statistics      
Multiple R 0.109      
R Square 0.012      
Adjusted R Square -0.018      
Standard Error 6.576      
Observations 35.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 17.159 17.159 0.397 0.533  
Residual 33.000 1427.205 43.249    
Total 34.000 1444.365        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 107.112 1.840 58.210 0.000 103.369 110.856 
Permits 0.000 0.000 0.630 0.533 0.000 0.001 
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PHOENIX       
Regression Statistics      
Multiple R 0.155      
R Square 0.024      
Adjusted R Square -0.007      
Standard Error 6.511      
Observations 34.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 33.300 33.300 0.785 0.382  
Residual 32.000 1356.602 42.394    
Total 33.000 1389.903        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 98.783 1.866 52.935 0.000 94.982 102.584 
Permits 0.000 0.000 0.886 0.382 0.000 0.000 
       
SAN DIEGO       
Regression Statistics      
Multiple R 0.438      
R Square 0.192      
Adjusted R Square 0.168      
Standard Error 13.621      
Observations 36.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 1496.822 1496.822 8.068 0.008  
Residual 34.000 6308.239 185.536    
Total 35.000 7805.061        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 137.356 3.905 35.173 0.000 129.420 145.292 
Permits -0.001 0.000 -2.840 0.008 -0.002 0.000 
       
WASHINGTON, DC       
Regression Statistics      
Multiple R 0.050      
R Square 0.003      
Adjusted R 
Square -0.026      
Standard Error 6.270      
Observations 37.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 1.000 3.449 3.449 0.088 0.769  
Residual 35.000 1375.884 39.311    
Total 36.000 1379.333        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 100.734 2.397 42.027 0.000 95.868 105.600 
Permits 0.000 0.000 0.296 0.769 0.000 0.001 
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Figure 42: Office Construction Cost as a Function of Supply    
       
       
CHICAGO       
Regression Statistics      
Multiple R 0.413      
R Square 0.170      
Adjusted R Square 0.093      
Standard Error 4.850      
Observations 36.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 154.592 51.531 2.191 0.108  
Residual 32.000 752.574 23.518    
Total 35.000 907.166        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 102.551 1.693 60.560 0.000 99.102 106.000 
SUPPLYt -0.001 0.000 -1.594 0.121 -0.001 0.000 
SUPPLYt+1 0.000 0.000 -0.216 0.830 -0.001 0.001 
SUPPLYt+2 0.001 0.000 2.014 0.053 0.000 0.002 
       
DALLAS       
Regression Statistics      
Multiple R 0.089      
R Square 0.008      
Adjusted R Square -0.085      
Standard Error 9.587      
Observations 36.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 23.572 7.857 0.085 0.967  
Residual 32.000 2941.043 91.908    
Total 35.000 2964.615        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 104.108 2.213 47.037 0.000 99.600 108.617 
SUPPLYt 0.000 0.001 -0.021 0.983 -0.001 0.001 
SUPPLYt+1 0.000 0.001 0.220 0.827 -0.002 0.002 
SUPPLYt+2 0.000 0.001 -0.473 0.640 -0.002 0.001 
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DENVER       
Regression Statistics      
Multiple R 0.205      
R Square 0.042      
Adjusted R Square -0.054      
Standard Error 9.929      
Observations 34.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 129.966 43.322 0.439 0.726  
Residual 30.000 2957.288 98.576    
Total 33.000 3087.254        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 66.854 2.506 26.679 0.000 61.736 71.972 
SUPPLYt 0.001 0.001 0.721 0.477 -0.001 0.003 
SUPPLYt+1 0.000 0.001 0.239 0.813 -0.002 0.003 
SUPPLYt+2 -0.001 0.001 -0.983 0.333 -0.003 0.001 
       
PHOENIX       
Regression Statistics      
Multiple R 0.296      
R Square 0.088      
Adjusted R Square -0.001      
Standard Error 8.118      
Observations 35.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 196.266 65.422 0.993 0.409  
Residual 31.000 2043.175 65.909    
Total 34.000 2239.441        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 90.946 2.254 40.343 0.000 86.349 95.544 
SUPPLYt -0.002 0.001 -1.500 0.144 -0.005 0.001 
SUPPLYt+1 0.000 0.002 0.209 0.836 -0.003 0.004 
SUPPLYt+2 0.000 0.001 0.349 0.730 -0.002 0.003 
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SAN DIEGO 
Regression Statistics      
Multiple R 0.371      
R Square 0.138      
Adjusted R Square 0.054      
Standard Error 9.449      
Observations 35.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 441.308 147.103 1.647 0.199  
Residual 31.000 2768.050 89.292    
Total 34.000 3209.358        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 84.774 2.687 31.547 0.000 79.293 90.255 
SUPPLYt -0.001 0.002 -0.707 0.485 -0.005 0.003 
SUPPLYt+1 0.002 0.002 0.953 0.348 -0.002 0.006 
SUPPLYt+2 0.003 0.002 1.276 0.212 -0.002 0.007 
       
WASHINGTON, DC       
Regression Statistics      
Multiple R 0.251      
R Square 0.063      
Adjusted R Square -0.025      
Standard Error 7.907      
Observations 36.000      
       
ANOVA       
  df SS MS F Significance F  
Regression 3.000 134.469 44.823 0.717 0.549  
Residual 32.000 2000.654 62.520    
Total 35.000 2135.123        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 97.099 2.565 37.858 0.000 91.874 102.323 
SUPPLYt -0.001 0.001 -1.315 0.198 -0.002 0.000 
SUPPLYt+1 0.001 0.001 0.803 0.428 -0.001 0.002 
SUPPLYt+2 0.000 0.001 0.332 0.742 -0.001 0.001 
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CHAPTER 7:   CONCLUSIONS 
 
There has been a significant amount of research conducted over the last 50 years on building 
supply.  Yet, there is little known about the relationship between construction cost and 
supply.  It is generally accepted that cost is endogenous to the supply function.  What had 
not been previously studied is the role that supply plays as a determinant of construction 
costs.  Historically, it has been difficult to quantify construction costs.  Contractors prefer to 
keep bid data confidential to protect proprietary secrets.  Federal government measures of 
cost are often misleading.  Recently, however data has become available that has allowed 
researchers to develop cost indices that provide much better models of construction costs, 
particularly in the single family home market. 
 
While currently available cost indexes and estimators are reasonable predictors of 
construction cost, they do have flaws.  The national indexes such as ENR’s Building Cost 
Index are unable to reflect the subtle cost changes between MSAs over time.  Cost indices 
that do break out by geographic area, such as the RS Means index, do not differentiate 
between product type and construction/framing method.  As this study shows, there are 
significant differences in costs between product type, framing type, and geographic area. 
Because of the marked difference in the apartment and office cost indices, there may be a 
market for product-specific cost indices.  Additionally, this “project data” method of creating 
an index is better able to account for changes in building quality over time. 
 
Until this study, no one has previously attempted to develop construction cost indices at the 
MSA level for office and apartment product types.  As this research has shown, construction 
costs vary significantly between MSAs and different product types.  Some markets, such as 
the San Diego apartment market have exhibited significant real construction cost growth 
over the last 35 years, while most other major markets have had very little growth.  Office 
construction costs appear to have 0 or even negative real cost growth over the last 35 years, 
while apartment construction costs have held steady or grown slightly in the 6 markets we 
studied. When accounting for the upward bias our indices exhibit due to changes in building 
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specifications and quality over time, one could go so far as to say that there has been no real 
construction cost growth over the last 35 years.    
 
In comparing these construction cost indices to new supply, it is evident that there is little or 
no correlation between the two.  There is no evidence of a predictable construction cost 
cycle, similar to the easily observable 7-10 year real estate cycles.  Costs are more likely to 
be sensitive to changes in the labor and material markets or interest rates than to changes in 
demand.  Because cost and building activity appear to be uncorrelated, we can infer that 
construction services are elastically supplied.  This has some important implications.   
 
Previous research has shown that as prices and rents rise, building activity increases.  If 
construction services are elastically supplied, then there is little to no increase in 
construction costs as building activity increases. Therefore, when construction supply is 
elastic, it takes only a small change in prices or rents to generate profits for the developer.  
This further supports the hypothesis that development activity is extremely sensitive to 
changes in prices and rents and that development activity is price inelastic.   
 
These findings also support the basic tenets of the land residual hypothesis which states that 
changes in rent or prices affect the price of the land, not the structure.  The theory is based 
on the notion that construction supply is elastic and land supply is fixed.  Contrary to 
popular opinion, it does not appear that construction contractors are able to charge a 
premium during strong real estate markets with heightened building activity.  In 
Somerville’s 1996 study, she found that single-family builder profits were most affected by 
land prices and only mildly affected by construction profits.  This theory appears to hold true 
in the commercial apartment and office markets, too.   It is the price of the underlying land 
that exhibits the volatility and thus opportunity for profit. Developers and landowners do not 
share profits with contractors.  Commercial construction costs have historically remained 
steady, and do not exhibit cyclic behavior tied to building activity, inferring supply elasticity 
and supporting the land residual hypothesis.  
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In this study we found that it is possible to develop meaningful and statistically significant 
construction cost indices from project level bid data using hedonic regression.  This method 
of constructing cost indices may prove to better represent true construction costs for 
different building types and locations than traditional cost measures.  These indices exhibit 
great potential for use in commercial applications, and may also play an important role in 
future research.  The indices allow us to identify overall cost trends and examine the 
relationship between construction cost and supply in the commercial real estate industry, 
using real world project data. The work here is by no means definitive or complete, but will 
hopefully contribute to future research on the construction industry and supply-side real 
estate economics. 
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